ABSTRACT Purified preparations of 10-nm neurofilaments from rat spinal cord and bovine or porcine brain contain a predominant 68,000-dalton polypeptide. This polypeptide is also a major component of the neurofilaments that copurify with brain tubulin isolated by cycles of polymerization and depolymerization. A protein that has the same isoelectric point and molecular weight as the neurofilament-associated polypeptide has also been identified as a cytoskeletal protein in a variety of avian and mammalian cell types, including baby hamster kidney (BHK-21) mouse 3T3, Novikoff rat hepatoma, chicken fibroblast, and chicken muscle cells. This protein is also a component of isolated phicken skeletal myofibrils. One-dimensional peptide maps of the 68,000-dalton proteins purified by twodimensional isoelectric focusing/NaDodSO4/polyacrylamide gel electrophoresis from myofibrils, cycled tubulin, purified neurofilaments, and various cultured cell types were identical. In immunofluorescence this protein was associated with cytoplasmic intermediate filaments and myofibril Z discs. These results indicate that the neurofilament-associated polypeptide is a conserved protein that is present in many different cell types in addition to neuronal cells.
ABSTRACT Purified preparations of 10-nm neurofilaments from rat spinal cord and bovine or porcine brain contain a predominant 68,000-dalton polypeptide. This polypeptide is also a major component of the neurofilaments that copurify with brain tubulin isolated by cycles of polymerization and depolymerization. A protein that has the same isoelectric point and molecular weight as the neurofilament-associated polypeptide has also been identified as a cytoskeletal protein in a variety of avian and mammalian cell types, including baby hamster kidney (BHK-21) mouse 3T3, Novikoff rat hepatoma, chicken fibroblast, and chicken muscle cells. This protein is also a component of isolated phicken skeletal myofibrils. One-dimensional peptide maps of the 68,000-dalton proteins purified by twodimensional isoelectric focusing/NaDodSO4/polyacrylamide gel electrophoresis from myofibrils, cycled tubulin, purified neurofilaments, and various cultured cell types were identical. In (2, 3) . In a number of other cell types, and in particular muscle cells, vimentin coexists with desmin, the 50,000-dalton muscle-specific intermediate filament component (4) (5) (6) (7) . In this case the cytoplasmic filamentous distributions of the two proteins are indistinguishable (4) (5) (6) .
Purified mammalian neurofilaments are composed of three major polypeptides of 200,000, 160,000, and 68,000 daltons, known as the neurofilament triplet (8) (9) (10) (11) (12) (13) . These three proteins have been assumed to be the subunit constituents of neurofilaments because they copurify with the filaments and they are not dissociated from them under a variety of chemical treatments. Recently it has been demonstrated that the 68,000-dalton polypeptide is present in conventionally purified microtubules from brain that are contaminated with 10-nm neurofilaments (14) (15) (16) .
In this paper we show that the 68,000-dalton polypeptide of purified mammalian neurofilaments is highly homologous, if not identical, to the protein that copurifies with microtubule protein isolated from brain by cycles of polymerization and depolymerization. In addition, the 68,000-dalton protein is enriched in the microtubule-free cytoskeletons prepared by high salt and detergent extraction of a variety of nonneuronal cell types. Because these cytoskeletons are highly enriched 21 cells were prepared and grown as described (4) . Chicken skeletal mnyofibrils were prepared from fresh or glycerol-extracted adult chicken skeletal muscle as described (5) .
Preparation of Triton X-100 KCI Cytoskeletons and Isoelectric Focusing (IEF)/NaDodSO4/Polyacrylamide Gel Electrophoresis. Triton X-100 KCI cytoskeletons of CEF and BHK cells were prepared as described (4) . Purified skeletal myofibrils were extracted with 0.6 M KI for 10 min at room temperature as described (5) . Two-dimensional IEF/NaDodSO4/polyacrylamide gel electrophoresis was performed also as described (17, 18 (Fig. 1A) Figs. 2A and 3D ).
68,000-dalton polypeptide (Fig. 2B ). When this material was purified by gel filtration on Bio-Gel A-150m, the void volume contained numerous 10-nm filaments that could be pelleted by high-speed centrifugation, but no discernible 25-nm microtubules (Fig. IB) . Analysis of this material by two-dimensional gel electrophoresis revealed the presence of a and tubulins as the major components and two other prominent polypeptides with molecular weights of 68,000 and 42,000 (Fig. 2D) . Coelectrophoresis of these brain extracts with rat spinal cord purified 10-nm filaments showed that the 68,000-dalton polypeptides from the two sources have the same molecular weight and isoelectric point (not shown).
The pellets of microtubule protein purified from brain extracts by two cycles of polymerization-depolymerization contained a and tubulins as their major component, a group of polypeptides with a very high molecular weight, corresponding to the high molecular weight microtubule-associated proteins, and another prominent polypeptide with a molecular weight of 68,000 (Fig. 2E) . This is consistent with the results of Berkowitz et al. (14) and Runge et al. (15) [protein N4, figure   FIG. 3 (14)]. The microtubule-associated polypeptide is also composed of a major variant and a slightly more acidic variant. Coelectrophoresis of the microtubule protein with purified rat spinal cord 10-nm filaments ( Fig. 2 A and E) showed that the two 68,000-dalton polypeptides have the same molecular weight and isoelectric point (not shown).
Presence of the 68,000-Dalton Polypeptide in Triton/KCI Cytoskeletons of Cells Grown in Tissue Culture. Extraction of BHK-21 cells and CEF with 1.0% Triton X-100 leaves an insoluble cytoskeletal residue, composed primarily of actin filaments and 10-nm filaments (23) . Inclusion of 0.6 M KCI in the extraction buffer facilitates the extraction of actin, leaving predominantly 10-nm filaments. Electron microscopy and two-dimensional gel electrophoresis shows that these cytoskeletal residues contain no detectable microtubules or tubulins (4, 24) . The major polypeptide species enriched in these residues have been identified by two-dimensional IEF/NaDodSO4/ polyacrylamide gel electrophoresis (4) as vimentin with a Mr of 52,000, desmin with a Mr of 50,000, their degradation products, which form a diagonal line extending to the lower left (acidic, lower molecular weight) of each of the two molecules, and residual actin [ Fig. 3 A (BHK-21) and B (CEF)]. Close examination of these electropherograms also reveals the presence of a polypeptide with a Mr of 68,000. However, not all of the 68,000-dalton polypeptide may be tightly associated with these cytoskeletons, because a fraction of it is released upon prolonged extraction (not shown). The 68,000-dalton polypeptide has been identified in whole cell extracts or high salt detergent cytoskeletons of a number of cell types grown in tissue culture, including chicken embryonic skeletal myotubes (Fig.  3C) , mouse 3T3, and Novikoff rat hepatoma cells (not shown). In each case this protein has the same isoelectric point and molecular weight as the rat spinal cord 10-nm filament-associated polypeptide.
Presence of the 68,000-Dalton Polypeptide in Chicken Skeletal Myofibrils. Mature chicken skeletal myofibrils give a pattern of protein spots on two-dimensional gels that includes a 68,000-dalton polypeptide. Myofibrils, prepared from either fresh or glycerol-extracted muscle and purified by sucrose density centrifugation, still contained the 68,000-dalton polypeptide. Fig. 3D shows the electrophoretic profile of glycerol-extracted chicken myofibrils that have been detergentwashed to remove membranous organelles, banded on a discontinuous sucrose gradient, and briefly extracted with 0.6 M KI to remove actomyosin, whose high quantity in myofibrils would otherwise obscure minor protein components. It is apparent that these myofibrils contain residual myosin, a-actinin, and tropomyosin, in addition to actin, desmin, vimentin, and the 68,000-dalton polypeptide. A number of different types of muscle were examined, and they were all shown to contain the 68,000-dalton polypeptide. As in cytoskeletons, a small fraction of the 68,000-dalton polypeptide can be extracted with 0.6 M KI (not shown). Coelectrophoresis of these KI-extracted myofibrils with purified rat spinal cord 10-nm filaments indicates that the two 68,000-dalton polypeptides have the same isoelectric point and molecular weight (Fig. 2F) . The 68,000-dalton polypeptide has an isoelectric point of 5.7 (25) , which agrees well with that estimated for this molecule by Berkowitz et al. (protein N4 in figure 2 and table 2 of ref. 14) .
Comparative Peptide Analysis of the 68,000-Dalton Polypeptide. One-dimensional peptide analysis of the 68,000-dalton polypeptide was performed with protease V8 from S. aureus. In order to maximize the purity of the 68,000-dalton polypeptide, it was isolated from two-dimensional IEF/NaDodSO4/polyacrylamide gels. As shown in Fig.  4 , the peptide maps of this protein isolated from rat spinal cord 10-nm filament preparations (Fig. 4C) , BHK-21 cells (Fig. 4D) , CEF (Fig. 4E ), brain 10-nm filament preparations (Fig. 4F) , skeletal myofibrils (Fig. 4G) , and cycled brain microtubule protein (Fig. 4H) are highly homologous. Comparison of the peptide map of this protein with the maps of rat serum albumin (Fig. 4A ) and chicken serum albumin (Fig. 4B) indicates that the 68,000-dalton polypeptide is a completely distinct polypeptide; it also has no apparent homology with desmin or vimentin (not shown).
Immunofluorescence. Indirect immunofluorescence on CEF was performed on cells fixed in the presence of 0.6 M KCI/1.0% Triton X-100, which solubilizes microtubules and the majority of actin filaments but leaves intermediate filaments insoluble (4) . The rat spinal cord 68,000-dalton antibodies reacted with a cytoplasmic filamentous system in these cells (Fig. 5A ) resembling that observed with antibodies to inter-FIG. 4 . One-dimensional peptide analysis of the 68,000-dalton polypeptide with S. aureus protease V8. The proteins were purified in each case by two-dimensional IEF/NaDodSO4/polyacrylamide gel electrophoresis. A, Rat serum albumin; B, chicken serum albumin; C, rat spinal cord 68,000-dalton polypeptide (Fig. 2A) ; D, 68,000-dalton polypeptide (Fig. 3A) ; E, CEF 68,000-dalton polypeptide (Fig. 313) ; F, pig brain high-speed pellet 68,000-dalton polypeptide (Fig. 2D) ; G, chicken skeletal myofibril 68,000-dalton polypeptide (Fig. 3D) ; H, cycled brain microtubule-associated 68,000-dalton polypeptide (Fig. 2E) . The peptide maps in lanes G and H were prepared at a different time than those depicted in lanes A-F and the gel was run longer to increase the resolution of the peptides. In both cases the 68,000-dalton polypeptide from all these sources exhibited indistinguishable peptides. mediate filaments (2, 26) . In isolated myofibrils, immunofluorescence indicated that the 68,000-dalton polypeptide is concentrated in the Z-line region of the myofibril (Fig. 5 B and  C) . The antigen also remains associated with the Z lines after solubilization of the actin and myosin filaments with 0.6 M KI (not shown). Preimmune sera were uniformly negative both with myofibrils ( Fig. 5 D and E) and with fibroblasts (not shown).
DISCUSSION
The 68,000-Dalton Polypeptide as a Component of 10-nm Neurofilaments. It has been well documented in the literature that mammalian 10-nm neurofilaments contain a 68,000-dalton polypeptide as their major constituent (8, 12, 15, 16 (27) . Antibodies to this protein were shown by immunofluorescence to decorate cytoplasmic filamentous structures that resemble microtubules. It was therefore concluded that this polypeptide was associated with cytoplasmic microtubules even though the fluorescent images would also be consistent with intermediate filament staining (27) 
